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REMARKS 

Claims 1-15 are pending in this application. 

Claims 1-15 were rejected under 35 U.S.C. §102(e) over Watanabe, U.S. Publication 
No. 2002/0185913. The rejection is respectfully traversed. 

Claim 1 calls for a controller that is configured to execute a braking force distribution 
control, wherein braking force on the front wheels during execution of the braking force 
distribution control is increased, where a braking force increment on the front wheel is 
determined based upon an increment of the braking action by the driver detected by the detector; 
however, when execution of the anti-skid control for either of the front wheels is started during 
the braking force distribution control, the braking force increment on the front wheels is 
decreased during the braking force distribution control . Claim 12 calls for similar features. 

Appellants respectfully submit that the rejection contains obvious legal and factual 
deficiencies because Watanabe fails to disclose starting execution of the anti-skid control 
during the braking force distribution control or having the braking force increment decrease 
during the braking force distribution control. Because Watanabe fails to disclose (or suggest) 
these features, a rejection under 35 U.S.C. § 102(e) over Watanabe cannot be maintained. 

To support this argument, and to illustrate the obvious legal and factual deficiencies, 
Appellants herein (1) discusses all of the sections cited in the July 10, 2008 Office Action 
related to braking force distribution control and anti-skid control, (2) explains that, although 
Watanabe performs an anti-skid control, the anti-skid control is not started during the braking 
force distribution control as called for by claims 1 and 12, and (3) asserts that Watanabe only 
discusses performing an anti-skid control and a braking force distribution control at separate 
times. 
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(1) THE OFFICE ACTION 

Pages 2, 3, 5 and 6 of the Office Action refers to Watanabe's abstract, paragraphs 
[0008], [0009] and [0019]-[0021] and Figs, 1-5 in order to assert that Watanabe discloses the 
braking force distribution control of claims 1 and 12. 

Watanabe's abstract and paragraphs [0008], [0009] and [0019]-[0021] discuss different 
ways of increasing the braking force applied to the front wheels such that the braking force 
applied to the front wheels versus the braking force applied to the rear wheels increases , and the 
advantages thereof. Watanabe never discusses having the braking force increment on the front 
wheels decrease during the braking force distribution control as called for by claims 1 and 12, or 
having execution of the anti-skid control started during the braking force distribution control as 
called for by claims 1 and 12. 

Fig. 1 is a block diagram, Fig. 2 is a sectional view of the control valve, Fig. 3 is a 
flowchart of the brake control routine, Fig. 4 is a flowchart showing a control scheme executed 
at step S30 of Fig. 3 where it is determined whether execution of the braking force distribution 
control is allowed and Fig. 5 is a graph. Watanabe again never discusses having the braking 
force increment on the front wheels decrease during the braking force distribution control as 
called for by claims 1 and 12 or having execution of the anti-skid control started during the 
braking force distribution control as called for by claims 1 and 12. 

Pages 3 and 6 of the Office Action refers to Watanabe's paragraphs [0062], [0068] and 
[0075] and again refers to Figs. 4 and 5 in order to assert that Watanabe discloses the anti-skid 
control of claims 1 and 12. Paragraph [0062] discusses performing anti-skid control so as to 
decrease excessive brake slip of the wheels, paragraph [0068] discusses performing anti-skid 
control when necessary according to known techniques and paragraph [0075] and Fig. 4 discuss 
determining if an anti-skid control is being performed in order .to determine if braking force 
distribution control is allowed. Watanabe again never discusses having the braking force 
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increment on the front wheels decrease during the braking force distribution control as called for 
by claims 1 and 12 or having execution of the anti-skid started during the braking force 
distribution control as called for by claims 1 and 12. 

(2) WATANABE'S ANTI-SKID CONTROL IS NOT STARTED 
DURING A BRAKING FORCE DISTRIBUTION CONTROL 

Watanabe fails to provide any discussion with regard to starting execution of the anti- 
skid control for either of the front wheels during the braking force distribution control as called 
for by claim 1 and similarly called for by claim 12. 

Watanabe's paragraph [0068] and Fig. 3 discuss determining the master cylinder 
pressure Pm (step S10) and the target brake pressure Pti of each wheel (step S2) that can 
account for reducing excessive brake slip of the wheel. Thereafter, it is determined whether 
execution of front and rear wheel braking force distribution control is allowed (step S30). 
Watanabe's paragraphs [0075] and [0076] and Fig. 4, discuss how it is determined whether 
braking force distribution control is allowed (step S30). As illustrated by steps S33, S34 and 
S3 8 of Fig. 4, a braking force distribution control is not allowed if an anti-skid control is being 
performed. 

Watanabe simply determines if an anti-skid control is being performed in order to 
determine if the braking force distribution control is allowed. Watanabe fails to provide any 
discussion as to when execution of the anti-skid control is started. Therefore, Watanabe fails 
disclose executing a braking force distribution control, wherein when execution of the anti-skid 
control for either of the front wheels is started during the braking force distribution control, the 
braking force increment on the front wheels is decreased during the braking force distribution 
control, as called for by claim 1 and as similarly called for by claim 12. 

(3) WATANABE PERFORMS ANTI-SKID CONTROL AND 

BRAKING FORCE DISTRIBUTION CONTROL AT SEPARATE TIMES 
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As discussed above, Watanabe fails to provide any discussion as to when execution of 
the anti-skid control is started. In addition, Watanabe only discusses increasing the braking 
force during the braking force distribution control (abstract and paragraphs [0008], [0009] and 
[0019]-[0021]) and preventing the braking force distribution control from occurring during an 
anti-skid control (paragraphs [0075] and [0076] and Fig. 4). In other words, Watanabe only 
discusses increasing the braking force during the braking force distribution control and only 
discusses decreasing the braking force during the anti-skid control. Watanabe never discusses 
having the anti-skid control performed during the braking force distribution control or 
decreasing the braking force increment during the braking force distribution control. 

Appellants therefore assert that Watanabe performs an anti-skid control and a braking 
force distribution control at separate times, and thus fails to execute a braking force distribution 
control, wherein when execution of the anti-skid control for either of the front wheels is started 
during the braking force distribution control, the braking force increment on the front wheels is 
decreased during the braking force distribution control, as called for by claim 1 and as similarly 
called for by claim 1 2. 

Because Watanabe fails to disclose the above features or identify any problems 
associated with switching to an anti-skid control, Watanabe fails to achieve the advantages as 
discussed in Appellants 1 specification. In particular, as discussed on page 22, line 7-page 23, 
line 13 of Appellants specification, an anti-skid control for either of the front wheels is executed 
during the braking force distribution control as called for by claims 1 and 12, because if the 
braking force distribution control is abruptly cancelled, a disturbance of the vehicle attitude 
would be created. 

* * * * * 
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In view of the foregoing, it is respectfully submitted that the rejection contains 
obvious legal and factual deficiencies. It is thus respectfully requested that the rejection be 
withdrawn. 
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ABSTRACT 



A method and brake control system that calculates a target 
brake pressure of each wheel based on a braking amount by 
a vehicle operator and a product of a lateral acceleration of 
the vehicle and a vehicle speed. The brake control system 
comprises a first detector that detects a lateral acceleration of 
the vehicle and a second detector that detects a speed of the 
vehicle. A controller is provided that controls a braking force 
applied to each of front wheels and rear wheels. The 
controller increases the braking force applied to the front 
wheels by a vehicle operator so that the ratio of the braking 
force applied to the front wheels versus the braking force 
applied to the rear wheels increases as a product of the 
detected lateral acceleration and the detected speed of the 
vehicle increases. 
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VEHICLE BRAKE CONTROL SYSTEM AND 
METHOD THEREFOR 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application No. 
2001-175401 filed on Jun. 11, 2001 including the specifi- 
cation, drawings and abstract is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of Invention 

[0003] This invention generally relates to a brake control 
system of a vehicle such as an automobile. More particu- 
larly, the invention relates to a brake control system that 
ensures driving stability of a vehicle when braking the 
vehicle white turning. 

[0004] 2. Description of Related Art 

[0005] Conventionally a brake control system of a vehicle, 
such as an automobile, which controls front and rear wheel 
braking force distribution, such that the yaw rate of the 
vehicle, becomes a constant target yaw rate when braking 
the vehicle while turning. This technology is disclosed in 
Japanese Patent Application Laid-Open Publication No. 
6-127354. This brake control system is intended to improve 
the driving stability when braking the vehicle while turning 
by preventing the yaw rate of the vehicle from increasing at 
that time. 

[0006] According to the brake control system disclosed in 
JP 6-127354, however, complex calculations are required 
which makes it difficult to apply to actual vehicles. Further, 
this brake control system controls the front and rear wheel 
braking force distribution such that the yaw rate of the 
vehicle becomes a constant target yaw rate when braking the 
vehicle while turning by reducing the braking force of the 
rear wheels. As a result, the deceleration of the vehicle is 
reduced compared to when front and rear wheel braking 
force distribution control is not performed. 

SUMMARY OF THE INVENTION 

[0007] An object of the invention is to easily and effec- 
tively prevent an increase in a yaw rate of the vehicle when 
braking the vehicle while turning without deteriorating the 
deceleration of the vehicle by controlling the front and rear 
wheel brakirjg force distribution with a simple calculation 
without relying only on the control for decreasing the rear 
wheel braking force. 

[0008] According to one aspect of the invention, a method 
and brake control system for a vehicle includes a first 
detector that detects a lateral acceleration of the vehicle, a 
second detector that detects a speed of the vehicle, and a 
controller that controls a braking force applied to each of 
front wheels and rear wheels. The controller increases the 
braking force applied to al least the front wheels so that the 
ratio of the braking force applied to the front wheels versus 
the braking force applied to the rear wheels increases as a 
product of the detected lateral acceleration and the detected 
speed of the vehicle increases. 

[0009] According to the aspect of the invention, the con- 
troller increases the braking force applied to the front wheels 
when an absolute value of a product of the detected lateral 



acceleration and the detected speed of the vehicle is equal to 
or greater than a first predetermined value and is less than a 
second predetermined value. The controller increases the 
braking force applied to the front wheels and decreases the 
braking force applied to the rear wheels when the absolute 
value of the product of the detected lateral acceleration and 
the detected speed of the vehicle is equal to or greater than 
the second predetermined value. 

[0010] According to the aspect of the invention, the con- 
troller corrects an amount of increase in the braking force 
applied to the front wheels on the basis of the absolute value 
of the product of the detected lateral acceleration and the 
detected speed of the vehicle so as to prevent the braking 
force applied to the front wheels from exceeding a prede- 
termined range when a braking amount of the vehicle by an 
operator of the vehicle becomes large. 

[0011] According to the aspect of the invention, the con- 
troller determines whether the vehicle is turning while 
braking, and controls the braking force applied to at least 
one of the front wheels and rear wheels on the basis of the 
absolute value of the product of the detected lateral accel- 
eration and the detected speed of the vehicle when it is 
determined that the vehicle is turning while braking. 

[0012] In the aforementioned aspect of the invention, the 
yaw rate Yr of the vehicle can be expressed by Equation 1 
below: 

Yr-( 1 +Kltx Vx V)|x(0x V)l{NxL) (1) 

[0013] where Kh represents a stability factor, V represents 
a vehicle speed, 8 represents a steering angle, N represents 
a steering gear ratio, and L represents a wheel base. 

[0014] Multiplying both sides of Equation 1 by (1+Khx 
VxV) results in Equation 2 below. Supposing that the lateral 
acceleration of the vehicle is denoted by Gy, Equation 3, as 
shown below, can be obtained using the relationship 
Gy=YrxV. 

Yr+KJtx(YrxV)xV-(QxV)J(NxL) (2) 
Yr-(BxV)/(NxLyKhxGyxV (3) 

[0015] Generally, when braking is performed while 
steadily turning in an actual vehicle, the vehicle tends to pull 
inward toward the inside of the turn regardless of whether 
the steering angle is constant. This phenomenon, that is, the 
increase in the yaw rate Yr is undesirable. 

[0016] When applying this phenomenon to Equation 3 
above, supposing that the change in the vehicle speed before 
and after braking operation is small, the yaw rate before 
braking denoted as Yrl and the yaw rate after braking 
denoted as Yr2 can be expressed by Equations 4 and 5, 
respectively, below. 

Yrl-(QxV)tQfxL)-iatUGyxV (4) 
Yr2- (0x V)/{NxL)-Kfi2xGyx V (5) 

[0017] Therefore, in order to suppress an increase in the 
yaw rate Yr, expressed by Yr2>Yrl in the aforementioned 
phenomenon, the value of the amount of change in the yaw 
rate expressed by Equation 6 below need only be made 
smaller. 

Kr2~Krl-(K7il-/ai2)xGyxV (6) 

[0018] There is a tendency for the stability factor Kh to 
become larger as more braking force is distributed to the 
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front wheels. It is thus understood that in order to suppress 
an increase in the yaw rate Yr after braking at turning of the 
vehicle, the value (Khl-Kh2) needs only be made smaller as 
the product of Gy (lateral acceleration) and V (vehicle 
speed) becomes larger. 

[0019] In the brake control system according to the aspect 
of the invention, the brake control system controls the 
braking force of the front wheels or rear wheels such that 
more braking force is distributed to the front wheels than to 
the rear wheels, as the product of the lateral acceleration of 
the vehicle and the vehicle speed becomes greater. As a 
result, an increase in the yaw rate when braking the vehicle 
while turning can be easily and effectively prevented with- 
out requiring complicated calculations. Further, because 
more braking force is distributed to the front wheels than to 
the rear wheels due to the fact that the braking force of at 
least the front wheels is increased, it is possible to reliably 
prevent a reduction in deceleration of the vehicle caused by 
a reduction in braking force of the entire vehicle. 

[0020] In the brake control system according to the aspect 
of the invention, when the product of the lateral acceleration 
of the vehicle and the vehicle speed is equal to, or greater 
than, a first reference value and less than a second reference 
value, the braking force of the front wheels is increased. 
Further, when the product of the lateral acceleration of the 
vehicle and the vehicle speed is equal to, or greater than, the 
second reference value, the braking force of the front wheels 
is increased and the braking force of the rear wheels is 
decreased. Therefore, the possibility of the braking force of 
the front wheels becoming excessive is reduced while more 
braking force is reliably distributed to the front wheels than 
to the rear wheels. 

[0021] In the brake control system according to the aspect 
of the invention, when the amount of braking operation 
applied by the vehicle operator is large, the increase amount 
of the braking force applied to the front wheels, which is 
based on the product of the lateral acceleration of the vehicle 
and the vehicle speed, is corrected such that the braking 
force of the front wheels is prevented from exceeding a 
predetermined range. Therefore, it is possible to reliably 
reduce the possibility of a decrease in the turning charac- 
teristics of the vehicle due to the braking force of the front 
wheels becoming excessive such that the lateral force of the 
front wheels is reduced when a large amount of braking 
operation is applied by the vehicle operator. 

[0022] In the brake control system according to the aspect 
of the invention, it is determined whether the vehicle is in a 
state of turning while braking. If the vehicle is in a state of 
turning while braking, the braking force of the front wheels 
or rear wheels is controlled based on the product of the 
lateral acceleration of the vehicle and the vehicle speed. 
Therefore, it is possible to both reliably prevent the yaw rate 
of the vehicle from increasing when the vehicle is in a state 
of turning while braking, as well as reliably prevent distri- 
bution control of the braking force from being performed 
unnecessarily when the vehicle is not in a state of turning 
while braking. 

[0023] According to an exemplary embodiment of the 
aspect of the invention, the controller calculates a target 
braking force applied to each of the front wheels and the rear 
wheels on the basis of a braking amount of the vehicle by an 
operator of the vehicle, and corrects the target braking force 



applied to the front wheels so as to be increased as an 
absolute value of the product of the detected lateral accel- 
eration and the delected speed of the vehicle increases. 

[0024] According to another exemplary embodiment of 
the aspect of the invention, a rate of increase in the braking 
force applied to the front wheels, when the absolute value of 
the product of the delected lateral acceleration and the 
detected speed of the vehicle is equal to or greater than the 
second predetermined value, is smaller than the rate of 
increase in the braking force applied to the front wheels 
when the absolute value of the product of the detected lateral 
acceleration and the detected speed of the vehicle is equal to 
or greater than the first predetermined value and less than the 
second predetermined value. 

[0025] According to another exemplary embodiment of 
the aspect of the invention, when the absolute value of the 
product of the detected lateral acceleration and the detected 
speed of the vehicle is equal to or greater than the second 
predetermined value, the controller reduces the braking 
force applied to one of the rear wheels on the inside of 
turning of the vehicle as the absolute value of the product 
increases. 

[0026] According to another exemplary embodiment of 
the aspect of the invention, when the absolute value of the 
product of the detected lateral acceleration and the detected 
speed of the vehicle is equal to or greater than the second 
predetermined value, the controller reduces the braking 
force applied to one of the rear wheels on the inside of 
turning of the vehicle as the absolute value of the product 
becomes larger, and increases the braking force applied to 
the other of the rear wheels on the outside of turning of the 
vehicle as the absolute value of the product. 

[0027] According to another exemplary embodiment of 
the aspect of the invention, the controller determines 
whether a road on which the vehicle is travelling has an 
uneven friction coefficient that is different in right and left 
areas of the road which correspond to the respective right 
and left wheels, and inhibits controlling of the braking force 
applied to the at least one of the front wheels and the rear 
wheels on the basis of the absolute value of the product of 
the detected lateral acceleration and the detected speed of 
the vehicle when it is determined that the road has the 
uneven friction coefficient that is different in right and left 
areas of the road. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] FIG. 1A is a block diagram schematically showing 
a hydraulic circuit of one exemplary embodiment of a brake 
control system according to the invention; 

[0029] FIG. IB is a block diagram schematically showing 
an electronic control unit of the brake control system for 
controlling the hydraulic circuit shown in FIG. 1A; 

[0030] FIG. 2 is a sectional view showing a control valve 
for a front wheel shown in FIG. 1A; 

[0031] FIG. 3 is a flowchart showing a brake control 
routine according to the illustrated exemplary embodiment; 

[0032] FIG. 4 is a flowchart showing a control scheme 
executed in step 20 of the flowchart shown in FIG. 3, in 
which it is determined whether execution of the front and 
rear wheel braking force distribution control is allowed or 
inhibited; 
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[0033] FIG. 5 is a graph showing a relationship between 
an absolute value of the product of Gy (lateral acceleration) 
and V (vehicle speed), and an increase amount A of the 
braking pressure applied to the front wheels; 

[0034] FIG. 6 is a graph showing a relationship between 
a master cylinder pressure Pm and a correction coefficient 
Kpf; and 

[0035] FIG. 7 is a graph showing a relationship between 
an absolute value of the product of Gy (lateral acceleration) 
and V (vehicle speed), and a pressure decrease amount B of 
the rear wheel on the inside of the turn and a pressure 
increase amount Ar of the rear wheel on the outside of the 
turn. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0036] Hereinafter the exemplary embodiments of the 
invention will be described with reference to the accompa- 
nying drawings. 

[0037] FIG. 1A is a block diagram schematically showing 
a hydraulic circuit of one exemplary embodiment of a brake 
control system according to this invention. FIG. IB is a 
block diagram schematically showing an electronic control 
unit for controlling the hydraulic circuit shown in FIG. 1A. 
FIG. 2 is an explanatory sectional view of a control valve for 
a front wheel shown in FIG. 1A. An electromagnetically 
driven solenoid provided for each value is not shown in 
FIG. 1A. 

[0038] Referring to FIG. 1A, a hydraulic brake system 10 
includes a master cylinder 14 that supplies brake fluid (e.g., 
oil) under pressure in response to a depressing operation of 
a brake pedal 12 by a vehicle operator. The master cylinder 
14 includes a first master cylinder chamber 14A and a 
second master cylinder chamber 14B defined by a free 
piston 16 urged into a predetermined position by a com- 
pressed coil spring on each side of master cylinder 14. 

[0039] There is an oil flow path between the first master 
cylinder chamber 14A and the left and right front wheel 
brake hydraulic control lines 20FL and 20FR, respectively, 
via the brake hydraulic control line 18F. In this brake 
hydraulic control line 18F are provided a control valve 22F 
and a bypass line 24F with a check valve. The control valve 
22F is an electromagnetic switching valve that is open 
during normal operation. The bypass line 24F with a check 
valve bypasses the control valve 22F and only allows the oil 
to flow from the first master cylinder chamber 14A towards 
the brake hydraulic control line 20FL or 20FR. 

[0040] Referring to FIG. 2, the control valve 22F has a 
housing 72 which defines a valve chamber 70 on the inside. 
A valve element 74 is reciprocatably disposed in the valve 
chamber 70. A portion 18FA of the brake hydraulic control 
line 18F on the side toward the master cylinder 14 is 
communicated with the valve chamber 70 via an internal 
passage 76. Moreover, a portion 18FB of the brake hydraulic 
control line 18F on a side away from the master cylinder 14 
is communicated with the valve chamber 70 via an internal 
passage 78 and a port 80. 

[0041] As shown in the FIG. 2, a solenoid 82 is disposed 
around the valve clement 74 which is urged into a valve open 
position by a compression coil spring 84. When voltage is 



applied to drive the solenoid 82, the valve element 74 is 
urged toward the port 80 against the spring force of the 
compressed coil spring 84 such that the valve 22F closes 
with the closing of the port 80. 

[0042] Also, when the control valve 22F is in the closed 
position, if the sum of the force from the pressure within the 
portion 18FB of the brake hydraulic control line 18F on the 
side away from the master cylinder 14 and the spring force 
of the compression coil spring 84 becomes greater than the 
electromagnetic force from the solenoid 82, the valve ele- 
ment 74 separates from the port 80, thereby opening the port 
80. As a result, the oil within the portion 18FB flows through 
the internal passage 78, the port 80, the valve chamber 70 
and the internal passage 76 into the portion 18FA of the 
brake hydraulic control line 18F. When the pressure of the 
oil within the portion 18FB drops due to the flow of the oil, 
the sum of the force from the pressure within the portion 
18FB and the spring force of the compressed coil spring 84 
becomes lower than the electromagnetic force from the 
solenoid 82. Accordingly the valve element 74 closes the 
port 80 again. 

[0043] In this way, the control valve 22F controls the 
pressure within the portion 18FB of the brake hydraulic 
control line 18F in accordance with the voltage applied to 
the solenoid 82 thereof. As a result, the pressure within the 
portion 18FB (hereinafter referred to in this specification as 
"upstream pressure") is able to be controlled to a desired 
pressure with the control valve 22F by controlling the 
voltage to drive the solenoid 82. 

[0044] Referring to FIG. 2, in the illustrated exemplary 
embodiment the check bypass line 24F shown in FIG. 1A is 
housed within the control valve 22F and includes an internal 
passage 86 and a check valve 88 provided midway in the 
internal passage 86, which allows the oil to flow only from 
the valve chamber 70 toward the portion 18FB. 

[0045] Referring back to FIG. 1A, a wheel cylinder 26FL 
for controlling a braking force of the left front wheel is 
connected to the other end of the left front wheel brake 
hydraulic control line 20FL, and a wheel cylinder 26FR for 
controlling a braking force of the right front wheel is 
connected to the other end of the right front wheel brake 
hydraulic control line 20FR. Electromagnetic switching 
valves 28FL and 28FR, which are open during normal 
operation, are provided midway in the left front brake 
hydraulic control line 20FLand the right front brake hydrau- 
lic control line 20FR, respectively. A check bypass line 30FL 
which allows oil to flow only from the wheel cylinder 26FL 
toward the brake hydraulic control line 18F is connected to 
the brake hydraulic control line 20FL on both sides of the 
electromagnetic switching valve 28FL, and a check bypass 
line 30FR which allows oil to flow only from the wheel 
cylinder 26FR toward the brake hydraulic control line 18F 
is connected to the brake hydraulic control line 20FR on 
both sides of the electromagnetic switching valve 28FR. 

[0046] One end of an oil discharge line 32 FL is connected 
to the brake hydraulic control line 20FL between the elec- 
tromagnetic switching valve 28FL and the wheel cylinder 
26FL, and one end of an oil discharge line 32 FR is con- 
nected to the brake hydraulic control line 20FR between the 
electromagnetic switching valve 28FR and the wheel cyl- 
inder 26FR. Electromagnetic switching valves 34FL and 
34FR, which are closed during normal operation, are dis- 
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posed midway in the oil discharge lines 32FL and 32FR, 
respectively. The other end of the both oil discharge lines 
32FL and 32FR is connected to a front wheel buffer reservoir 
38F via a connecting line 36K 

[0047] The electromagnetic switching valves 2£FL and 
28FR are increase pressure valves for selectively increasing 
and maintaining the pressure within the wheel cylinders 
26FL and 26FR, respectively. The electromagnetic switch- 
ing valves 34FL and 34FR are decrease pressure valves for 
decreasing the pressure within the wheel cylinders 26FL and 
26FR, respectively. Therefore, the electromagnetic switch- 
ing valves 28FL and 34FL define increase and decrease 
pressure valves respectively that work together to selectively 
increase, decrease and maintain the pressure within the left 
front-wheel wheel cylinder 26FL, and the electromagnetic 
switching valves 28FR and 34FR define increase and 
decrease pressure valves respectively that work together to 
selectively increase, decrease and maintain the pressure 
within the right front- wheel wheel cylinder 26FR. 

[0048] The connecting line 36F is connected to an intake 
side of a pump 42F via a connecting line 40F. Two check 
valves 44F and 46F which allow the oil to flow only from the 
connecting line 36F toward the pump 42F are provided 
midway in the connecting line 40F. The discharge side of the 
pump 42F is connected to the brake hydraulic control line 
18F via a connecting line 50F which has a damper 48F in the 
middle. A check valve 52F which allows the oil to flow only 
from the pump 42F toward the damper 48F is provided in the 
connecting line 40F between the pump 42F and the damper 
48F. 

[0049] One end of the connecting line 54F is connected to 
the connecting line 40F between the two check valves 44F 
and 46F, and the other end of the connecting line 54F is 
connected to the brake hydraulic control line 18F between 
the first master cylinder chamber 14A and the control valve 
22F. An electromagnetic switching valve 60F, which is 
closed during normal operation, is provided midway in the 
connecting line 54F. This electromagnetic switching valve 
60F functions as a pump intake valve for controlling com- 
munication between the brake hydraulic control line 18F, 
which is between the master cylinder 14 and the control 
valve 22F, and the intake side of the pump 42R 

[0050] Similarly, one end of a rear wheel brake hydraulic 
control line 18R is connected to the second master cylinder 
chamber 14B, and one end of a left rear wheel brake 
hydraulic control line 20RL and one end of a right rear wheel 
brake hydraulic control line 20RR are connected to the other 
end of the brake hydraulic control line 18R. A rear wheel 
control valve 22R, which is an electromagnetic switching 
valve that is open during normal operation, is provided 
midway in the brake hydraulic control line 18R. 

[0051] The control valve 22R has the same structure as the 
structure of the front wheel control valve 22F shown in FIG. 
2. Therefore, by controlling the voltage for driving the 
solenoid (not shown), it is possible to control the pressure 
within the brake hydraulic control line 18R (upstream pres- 
sure), which is on the downstream side of the control valve 
22R, to a desired pressure. Furthermore, a check bypass 
valve 24R that allows the oil to flow only from the second 
master cylinder chamber 14B toward the brake hydraulic 
control line 20RL or the brake hydraulic control line 20RR 
is connected to the brake hydraulic control line 18R on both 
sides of the control valve 22R. 



[0052] An oil flow path is provided between the wheel 
cylinder 26RL for controlling braking force of the right rear 
wheel and the brake hydraulic control line 18R via the brake 
hydraulic control line 20RL. In this brake hydraulic control 
line 20RLare provided an electromagnetic switching valve 
28RL and a bypass line 30RL with a check valve. The 
bypass line 30RL with a check valve bypasses the electro- 
magnetic switching valve 28RL and only allows the oil to 
flow in the direction from the wheel cylinder 26RL to the 
brake hydraulic control line 18R. There is also another 
similar oil flow path in which the wheel cylinder 26LL 
corresponds to the wheel cylinder 26RL, the brake hydraulic 
control line 20RR corresponds to the brake hydraulic control 
line 20RL, and a bypass line 30RR with a check valve 
corresponds to the bypass line 30RL with a check valve. 

[0053] One end of an oil discharge line 32RL is connected 
to the brake hydraulic control line 20RL between the elec- 
tromagnetic switching valves 28RL and the wheel cylinder 
26RL, and one end of an oil discharge line 32RR is con- 
nected to the brake hydraulic control line 20RR between the 
electromagnetic switching valves 28RR and the wheel cyl- 
inder 26RR. The electromagnetic switching valves 34RL 
and 34RR, which are closed during normal operation, are 
provided midway in the oil discharge lines 32RL and 32RR, 
respectively. The other end of the oil discharge line 32RL 
and the other end of the oil discharge line 32RR are 
connected to a rear wheel buffer reservoir 38R via a con- 
necting line 36R. 

[0054] Just as with the front wheel side, the electromag- 
netic switching valves 28RL and 28RR are increase pressure 
valves for selectively increasing and maintaining the pres- 
sure within the wheel cylinders 26RL and 26RR, respec- 
tively. The electromagnetic switching valves 34RL and 
34RR are decrease pressure valves for decreasing the pres- 
sure within the wheel cylinders 26RL and 26RR, respec- 
tively. Therefore, the electromagnetic switching valves 
28RL and 34RL define increase and decrease pressure 
valves respectively that work together to selectively 
increase, decrease and maintain the pressure within the left 
rear-wheel wheel cylinder 26RL, and the electromagnetic 
switching valves 28RR and 34RR define increase and 
decrease pressure valves respectively that work together to 
selectively increase, decrease and maintain the pressure 
within the right rear-wheel wheel cylinder 26RR. 

[0055] The connecting line 36R is connected to the intake 
side of the pump 42R via the connecting line 40R and two 
check valves 44R and 46R that allow the oil to flow only 
from the connecting line 36R toward the pump 42R are 
provided midway in the connecting line 40R. The discharge 
side of the pump 42R is connected to the brake hydraulic 
control line 18R via a connecting line 50R that has a damper 
48R provided midway therein. A check valve 52R that only 
allows the oil to flow from the pump 42R toward the damper 
48R is provided in the connecting line 50R between the 
pump 42R and the damper 48R. The pumps 42F and 42R are 
driven by a common electric motor (not shown in FIG. 1). 

[0056] One end of the connecting line 54R is connected to 
the connecting line 40R, which is between the two check 
valves 44R and 46R. The other end of the connecting line 
54R is connected to the brake hydraulic control line 18R, 
which is between the second master cylinder chamber 14B 
and the control valve 22R. The electromagnetic switching 
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valve 60R, which is closed during normal operation, is 
provided midway in the connecting line 54R. This electro- 
magnetic switching valve 60R also functions as a pump 
intake valve for controlling communication between the 
brake hydraulic control line 18R, which is between the 
master cylinder 14 and the control valve 22R, and the pump 
42R. 

[0057] According to the illustrated exemplary embodi- 
ment, each control valve and each switching valve is set to 
a non-control position, as shown in FIG. 1, when current is 
not running to drive the respective solenoids. Accordingly, 
pressure within the first master cylinder chamber 14A is 
supplied lo the wheel cylinders 26FL and 26FR, and pres- 
sure within the second master cylinder chamber 14B is 
supplied to the wheel cylinders 26RL and 26RR. Therefore, 
during normal operation, the pressure within the wheel 
cylinder of each wheel, i.e., the braking force, is selectively 
increased and decreased in accordance with the depression 
force on the brake pedal 12. 

[0058] In contrast, when the pumps 42F and 42R are 
driven in a state where the control valves 22F and 22R are 
switched to a closed position, the switching valves 60F and 
60R are opened, and the switching valves of each wheel are 
in the positions shown in FIG. 1A, the oil within the master 
cylinder 14 is pumped up by the pumps 42F and 42R and the 
pressure generated by the pump 42F is supplied to the wheel 
cylinders 26FL and 26FR, while the pressure generated by 
the pump 42R is supplied to the wheel cylinders 26RL and 
26RR. Therefore, the braking pressure of each wheel is 
selectively increased and decreased by selectively opening 
and closing the control valves 22F and 22R, as well as the 
switching valves 28RL, 28RR, 28FL, 28FR and 34RL, 
34RR, 34FL, 34FR (increase and decrease pressure valves 
respectively) of each wheel regardless of the depression 
force on the brake pedal 12. 

[0059] In this case, the pressure within the master cylinder 
14 is increased when the switching valves 28FL through 
28RR and the switching valves 34RL through 34RR are in 
a non-control position shown in FIG. 1A (i.e., increase 
pressure mode). The pressure within the master cylinder 14 
is maintained when the switching valves 28FL through 
28RR are switched to a closed position and the switching 
valves 34FL through 34RR are in a non-control position 
shown in FIG. 1 (i.e., a maintain pressure mode). The 
pressure within the master cylinder is decreased when the 
switching valves 28FL through 28RR and the switching 
valves 34FL through 34RR are switched to an open position 
(i.e., a decrease pressure mode). 

[0060] The control valves 22F and 22R, the switching 
valves 28FL through 28RR, the switching valves 34RL 
through 34RR, and the switching valves 60F and 60R are 
each controlled by an electronic control unit 90, as will be 
described later. The electronic control unit 90 is constituted 
by a microcomputer 92 and a driving circuit 94. The 
microcomputer 92 can be of a typical structure that is well 
known in the technical field. 

[0061] The microcomputer 92 receives a signal indicative 
of a master cylinder pressure Pm from a pressure sensor 96, 
a signal indicative of the lateral acceleration Gy of the 
vehicle from a lateral acceleration sensor 98, a signal 
indicative of the yaw rate y of the vehicle from a yaw rate 
sensor 100, a signal indicative of a steering angle 0 from a 



steering angle sensor 102, a signal indicative of the vehicle 
speed V from a vehicle speed sensor 104, and a signal 
indicative of whether a stop lamp switch is ON from a stop 
lamp switch (STPSW). Furthermore, the microcomputer 92 
stores a brake control flow, to be described later, calculates 
a target brake pressure Pti (i-fi, fr, rl, rr) of left and right 
front wheels and left and right rear wheels according to that 
brake control flow, and controls the brake pressure Pi (i-fl, 
fr, rl, rr) of each wheel to the corresponding target brake 
pressure Pti by controlling the control valve 22F and the 
like. 

[0062] In particular, in the illustrated exemplary embodi- 
ment, the electronic control unit 90 performs anti-skid 
control (denoted "ABS control" in the figure) by calculating 
the target brake pressure Pti of each wheel in accordance 
with a braking amount (master cylinder pressure Pm) by a 
vehicle operator, while calculating the target brake pressure 
Pti so as to decrease excessive brake slip of the wheels. 

[0063] Also, the electronic control unit 90 in the exem- 
plary embodiment shown in FIG. IB increases the brake 
pressure of the front wheels as the product of Gy (lateral 
acceleration of the vehicle) and V (vehicle speed) becomes 
larger when braking the vehicle while turning. The elec- 
tronic control unit 90 fully decreases the brake pressure of 
the rear wheel on the inside of the turn when the product of 
Gy and V is extremely large. Accordingly, when the vehicle 
operator is braking the vehicle while turning, the front and 
rear wheel braking force distribution control when braking 
the vehicle while turning is performed by controlling the 
front and rear wheel braking force distribution. As a result, 
more braking force is distributed to the front wheels than lo 
the rear wheels such that increase in the yaw rate of the 
vehicle is prevented. 

[0064] The electronic control unit 90 controls the brake 
pressures of the left and right wheels to the target brake 
pressure by controlling only the control valve 22F or 22R 
when the target brake pressures of the left and right wheels 
are the same. When the target brake pressures of the left and 
right wheels differ, the electronic control unit 90 sets the 
target upstream pressure to the target brake pressure of the 
left or the right wheel, whichever has the higher target brake 
pressure, such that the brake pressure Pi of the wheel with 
the higher target brake pressure Pti, of the left and right 
wheels, is controlled by controlling the upstream pressure to 
a target upstream pressure Ptf or Plr by the control valve 22F 
or 22R. The brake pressures of the left and right wheels on 
the opposite side are controlled to the corresponding target 
brake pressures by the corresponding increase pressure 
valves and decrease pressure valves. 

[0065] Also, the electronic control unit 90 determines 
whether the master cylinder pressure Pm is equal to, or 
greater than, the target brake pressure of the wheel when the 
brake pressure of the wheel with the higher target brake 
pressure should be decreased. When the master cylinder 
pressure is lower than the target brake pressure of the wheel, 
the electronic control unit 90 controls the control valve 22F 
or 22R so as to discharge, via the control valve, the oil within 
the brake hydraulic control line 18F or 18R that is between 
the control valve and the pump to the connecting line 54F or 
54R, and thereby controls the upstream pressure and the 
pressure within the wheel cylinder to the target brake 
pressure. 
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[0066] Conversely, when the master cylinder pressure Pm 
is equal to, or greater than, the target brake pressure of the 
wheel, the electronic control unit 90 controls the opening 
and closing of the decrease pressure valve in a state in which 
the increase pressure valve has been opened, so as to 
discharge the oil within the wheel cylinder of which the 
pressure should be decreased to the buffer reservoirs 38F and 
38R via the brake hydraulic control line 20FL and the like, 
as well as via the connecting lines 36F and 36R, and thereby 
controls the upstream pressure and the pressure within the 
wheel cylinder to the target brake pressure. 

[0067] A brake control routine during turning while brak- 
ing according to the illustrated exemplary embodiment will 
now be explained with reference to the flowchart shown in 
FIG. 3. The control according to the flowchart shown in 
FIG. 3 is performed repeatedly at predetermined intervals of 
time, starting from when an ignition switch (not shown) is 
turned on. 

[0068] Referring to FIG. 3, in step S10, signals such as 
that indicating the master cylinder pressure Pm detected by 
the pressure sensor 96 are read. In step S20, the target brake 
pressure Pti of each wheel is calculated based on the master 
cylinder pressure Pm. Also, when anti-skid control is nec- 
essary, the target brake pressure Pti required for reducing 
excessive brake slip of the wheel is calculated in a way well 
known in the technical field. Although not shown in FIG. 3, 
the electromagnetic switching valves 60F and 60R are 
opened and the oil pumps 42F and 42R start to drive upon 
start of the control routine. 

[0069] In step S30, it is determined whether execution of 
front and rear wheel braking force distribution control, when 
braking the vehicle while braking, is allowed as will be 
described later, according to a control routine shown in FIG. 
4. If YES is obtained in step S30, the process proceeds to 
step S40. If NO is obtained in step S30, the process proceeds 
directly to step S120. 

[0070] In step S40, the product of Gy (lateral acceleration 
of the vehicle) and V vehicle speed) is calculated. In step 
S50, it is determined whether the absolute value of the 
product of Gy and V is equal to, or greater than, a first 
reference value Th 1 (a positive constant). If NO is obtained 
in step S50, the process proceeds directly to step SI 20. If 
YES is obtained in step S50, the process proceeds to step 
S60. 

[0071] In step S60, it is determined whether the absolute 
value of the product of Gy and V is equal to, or greater than, 
a second reference value Th2 (a positive constant which is 
greater than TH1). If NO is obtained in step S60, the process 
proceeds to step S80. If YES is obtained in step S60, the 
process proceeds to step S70, where the turning direction of 
the vehicle is determined based on the steering angle 0 and 
the like and the target brake pressure Pti (i-rl or rr) of the 
rear wheel on the inside of the turn is set to 0. 

[0072] In step S80, a pressure increase amount A of the 
brake pressure on the front wheel is calculated according to 
a map corresponding to a graph shown in FIG. 5 based on 
the absolute value of the product of Gy and V. In step S90, 
the correction coefficient Kpf is calculated according to a 
map corresponding to a graph shown in FIG. 6 based on the 
master cylinder pressure Pm. In step S100, the pressure 
increase amount A of the brake pressure on the front wheel 



is corrected to the product of the correction coefficient Kpf 
and the pressure increase amount A. As a result, a pressure 
increase amount A* of the brake pressure on the front wheel 
after correction is calculated. 

[0073] In step S110, left and right front wheel target brake 
pressures Ptfl and Ptfr are corrected by respectively adding 
the pressure increase amount A' after correction to those 
target brake pressures Ptfl and Ptfr. Then in step S120, the 
control valves 22F and 22R are controlled such that the 
brake pressure applied to each wheel becomes equal to its 
target brake pressure, and, when necessary, the electromag- 
netic switching valve 34RL or 34RR is opened. The process 
then returns to step S10. 

[0074] Referring to FIG, 4, in step S31, the control routine 
determines whether execution of the front and rear wheel 
braking force distribution control is allowed. It is also 
determined whether a master cylinder pressure Pmt is equal 
to, or greater than, a reference value Pmo (a positive 
numerical constant smaller than the first reference value 
Thl). If NO is obtained in step S31, the process proceeds to 
step S33. If YES is obtained in step S31, the process 
proceeds to step S32, where it is determined whether a stop 
lamp switch 106 is ON. If NO is obtained in step S32, the 
process proceeds to step S38. If YES is obtained in step S32 
is YES, the process proceeds to step S33. 

[0075] In step S33, it is determined whether the anti-skid 
control is being performed on the left front wheel and is not 
being performed on the right front wheel. If YES is obtained, 
the process proceeds to step S38, If NO is obtained, the 
process proceeds to step S34. In step S34, it is determined 
whether the anti-skid control is being performed on the right 
front wheel and is not being performed on the left front 
wheel. If YES is obtained, the process proceeds to step S38. 
If NO is obtained, the process proceeds to step S35. 

[0076] step S35, it is determined whether the steering 
angle 6 is equal to, or greater than, a reference value Oo (a 
positive constant), whether the yaw rate Yr of the vehicle is 
equal to, or greater than, a reference value Yro (a positive 
constant), and whether the lateral acceleration Gy of the 
vehicle is equal to, or greater than, a reference value Gyo (a 
positive value). If YES is obtained in step S35, the process 
proceeds to step S37. If NO is obtained in step S35 is NO, 
the process proceeds to step S36. In step S36, it is deter- 
mined whether the steering angle 0 is equal to, or less than, 
a reference value -6, whether the yaw rate Yr of the vehicle 
is equal to, or less than, a reference value -Yro, and whether 
the lateral acceleration Gy of the vehicle is equal to, or less 
than, a reference value -Gyo. If YES is obtained in step S36, 
the process proceeds to step S37. In step S37, it is deter- 
mined that execution of the front and rear wheel braking 
force distribution control when braking the vehicle while 
turning is allowed. If NO is obtained in step S36, tbe process 
proceeds to step S38. In step S38, it is determined that 
execution of the front and rear wheel braking force distri- 
bution control when braking the vehicle while turning is not 
allowed. 

[0077] In steps S31 and S32, it is determined whether 
braking is being performed by the vehicle operator. In steps 
S33 and S34, it is determined whether the road has an 
uneven friction coefficient which is extremely different in 
right and left areas thereof which correspond to the respec- 
tive right and left wheels, i.e., a so-called uneven friction- 
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coefficient road surface. Ia steps S35 and S3 6, it is deter- 
mined whether the vehicle is turning. If the vehicle is turning 
while braking and the road surface is not the uneven 
friction-coefficient road surface, execution of the front and 
rear wheel braking force distribution control is allowed. If 
YES is obtained in steps S31 and S32, it is determined that 
the vehicle operator is braking the vehicle. The process, 
then, proceeds to step S33. 

[0078] Therefore according to the illustrated exemplary 
embodiment of the invention, in step S20 of the control 
routine as shown in FIG. 3, the target brake pressure Pti of 
each wheel is calculated based on the braking amount 
(master cylinder pressure Pm) by the vehicle operator. In 
step S40, the product of Gy (lateral acceleration) and V 
(vehicle speed) is calculated. If the absolute value of the 
product of Gy and V is equal to, or greater than, the first 
reference value Thl and less than the second reference value 
Th2, YES is obtained in step S50 and NO is obtained in step 
S60, respectively. Then in steps S80 through S100, the 
pressure increase amount A' of the braking pressure on the 
front wheel is calculated so as to become greater as the 
absolute value of the product of Gy and V becomes larger. 
Accordingly, the brake pressure of the front wheel is 
increased so as to become greater as the product of Gy and 
V becomes larger. 

[0079] More braking force is distributed to the front 
wheels compared with the braking force distributed to the 
rear wheels as the product of Gy and V becomes larger. 
Accordingly, it is possible to prevent the yaw rate of the 
vehicle from increasing in the direction of the lum, enabling 
stable turning of the vehicle while braking. Further, the 
braking force of the front wheels increases without reducing 
the braking force of the rear wheels. Thus, it is possible to 
reliably prevent the decrease in deceleration of the vehicle. 
Accordingly, it is possible to reliably prevent the vehicle 
operator from feeling discomfort due to decrease in vehicle 
deceleration. 

[0080] The braking force of the entire vehicle increases as 
the braking force of the front wheels increases. However, the 
vehicle operator is able to avoid the increase in the braking 
force of the entire vehicle by reducing the depression 
amount of the brake pedal when the deceleration of the 
vehicle becomes too great owing to the increase in the 
braking force of the entire vehicle. Thus, it is still possible 
to achieve a vehicle deceleration desired by the vehicle 
operator by increasing the braking force of the front wheels. 

[0081] Also, when the absolute value of the product of Gy 
and V is equal to, or greater than, the second reference value 
Th2, YES is obtained both in steps S50 and S60. In steps S80 
through S100, the pressure increase amount A* of the 
braking pressure of the front wheel is calculated so as to 
become greater as the absolute value of the product of Gy 
and V becomes larger. Accordingly, the brake pressure of the 
front wheels is increased so as to become greater as the 
product of Gy and V becomes larger. Also, in step S70, the 
target brake pressure of the rear wheel on the inside of the 
turn is set to 0. In step S120, the decrease pressure valves 
34RL or 34RR are opened so as to filly decrease the brake 
pressure of the wheel on the inside of the turn, thus reducing 
the braking force of the rear wheels. 

[0082] Therefore, when the absolute value of the product 
of Gy and V is equal to, or greater than, the second reference 



value Th2. That is, when the vehicle yaw rate has a tendency 
to increase further, the braking force is distributed even more 
to the front wheels than it is to the rear wheels, compared to 
the case in which the absolute value of the product of Gy and 
V is equal to, or greater than, the first reference value Thl 
and less than the second reference value Th2. This makes it 
possible to prevent the yaw rate of the vehicle from increas- 
ing in the direction of the turn, thus enabling stable turning 
of the vehicle while braking. Furthermore, because the 
braking force of the front wheels is increased while the 
braking force of the rear wheels is decreased, it is possible 
to reliably prevent the braking force of the entire vehicle 
from becoming excessive and the vehicle deceleration from 
becoming excessive. 

[0083] In particular, according to the illustrated exemplary 
embodiment, the correction coefficient Kpf is calculated in 
step S90 so as to become smaller as the master cylinder 
pressure Pm becomes larger. The pressure increase amount 
A of the brake pressure of the front wheel is corrected to the 
product of the correction coefficient Kpf and the pressure 
increase amount A in step S100. Therefore, it is possible to 
reliably reduce the possibility of deterioration of the turning 
characteristics of the vehicle due to reduction in the lateral 
force of the front wheels caused by excessive braking force 
of the front wheels resulting from the increase in the brake 
pressure of the front wheels in the case where the braking 
amount applied by the vehicle operator is large and the 
braking force of the wheels generated by the braking opera- 
tion of the vehicle operator is large. 

[0084] In the illustrated exemplary embodiment, the brake 
pressure of the rear wheel on the inside of the turn is only 
reduced in step S70, it is possible to reduce the possibility 
of decrease in the vehicle deceleration, compared with the 
case of decrease in the brake pressure of both the left and 
right rear wheels. It is also possible to apply the anti-spin 
moment caused by the difference in the braking force of the 
left and right rear wheels to the vehicle so as to effectively 
reduce the possibility of bringing the vehicle into a spin 
state. 

[0085] In the illustrated exemplary embodiment, the target 
brake pressure of the rear wheel on the inside of the turn is 
set to 0 in step S70. This is because the intermittent opening 
and closing of those valves tends to produce an abnormal 
noise when the rear wheel brake pressure is reduced by 
intermittently opening and closing the electromagnetic 
switching valves 34RL and 34RR to decrease the pressure 
with the illustrated brake system. 

[0086] In the illustrated exemplary embodiment, when the 
absolute value of the product of Gy and V is equal to, or 
greater than, the second reference value Th2, the rate of 
increase in the pressure increase amount A with respect to 
the product of Gy and V is smaller compared with the case 
when the absolute value of the product of Gy and V is equal 
to, or less than, the second reference value Th2. Therefore, 
it is possible to reduce the possibility of deterioration of the 
turning characteristics of the vehicle due to reduction in the 
lateral force of the front wheels caused by excessive braking 
force of the front wheels in a large range in which the 
product of Gy and V is equal to, or greater than, the 
reference value Th2. 

[0087] In the illustrated exemplary embodiment, in step 
S30, it is determined whether execution of the front and rear 
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wheel braking force distribution control is allowed. Step 840 
and subsequent steps are only performed when braking the 
vehicle by the vehicle operator, the road surface is not an 
uneven friction-coefficient road surface, and the vehicle is 
turning. Accordingly, the possibility of unnecessary execu- 
tion of the front and rear wheel braking force distribution 
control is reliably reduced, compared with the case, unlike 
step S30, in which it is not determined whether execution of 
the front and rear wheel braking force distribution control is 
allowed. In particular, as the front and rear wheel braking 
force distribution control is not executed when the road has 
an uneven friction-coefficient surface, it is possible to reli- 
ably prevent deterioration of vehicle behavior caused by the 
front and rear wheel braking force distribution control being 
performed when the road surface is an uneven friction- 
coefficient road surface. 

[0088] While the invention has been described with ref- 
erence to exemplary embodiments thereof, it is to be under- 
stood thai the invention is not limited to the exemplary 
embodiments or constructions. To the contrary, the invention 
is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the 
exemplary embodiments are shown in various combinations 
and configurations, which are exemplary, other combina- 
tions and configurations, including more, less or only a 
single element, are also within the spirit and scope of the 
invention. 

[0089] For example, in the illustrated exemplary embodi- 
ment, the brake system is a hydraulic brake system 10 in 
which the control valve 22F or 22R is controlled when the 
target brake pressures of the left and right wheels are the 
same, and the electromagnetic switching valves 28FL 
through 28RR, which serve as increase pressure valves, or 
the electromagnetic switching valves 34FL through 34RR, 
which serve as decrease pressure valves, are controlled in 
addition to the control valves when the target brake pres- 
sures of the left and right wheels differ from one another. 
However, according to another exemplary embodiment, the 
brake system to which the brake control system of this 
invention can be applied can also be a hydraulic brake 
system or an electronic brake system of any structure well 
known in the technical field, so far as the braking force of 
each wheel can be individually controlled to its respective 
target braking force. 

[0090] Also, according to the illustrated exemplary 
embodiment, the target brake pressure of the rear wheel on 
the inside of the turn is set to 0 when the absolute value of 
the product of the lateral acceleration Gy of the vehicle and 
the vehicle speed V is equal to, or greater than, the second 
reference value Th2. However, according to another exem- 
plary embodiment, when the brake system is configured 
such that the brake pressure of each wheel can be selectively 
continually increased and decreased, the decrease pressure 
amount B of the rear wheel on the inside of the turn can be 
calculated in step S70 according to a map corresponding 
with the graph shown in FIG. 7 based on the absolute value 
of the product of the lateral acceleration Gy of the vehicle 
and the vehicle speed V. Then, in step S110, the target brake 
pressure of the left and right front wheels can be increase- 
corrected by the increase pressure amount A' and the target 
brake pressure of the rear wheel on the inside of the turn can 
be decrease-corrected by the decrease pressure amount B. 



[0091] Alternatively, according to another exemplary 
embodiment, the decrease pressure amount B of the rear 
wheel on the inside of the turn and the increase pressure 
amount Ar of the rear wheel on the outside of the tum can 
be calculated in Step S70 according to a map corresponding 
to the graph shown in FIG. 7 based on the absolute value of 
the product of the lateral acceleration Gy of the vehicle and 
the vehicle speed V. Then, in Step S110, the target brake 
pressure of the left and right front wheels can be increase- 
corrected by the increase pressure amount A', the target 
brake pressure of the rear wheel on the inside of the turn can 
be decrease-corrected by the decrease pressure amount B, 
and the target brake pressure of the rear wheel on the outside 
of the turn can be increase-corrected by the increase pressure 
amount Ar. 

[0092] According to these modified exemplary embodi- 
ments, it is possible to prevent the braking force of the entire 
vehicle from changing greatly when the product of the 
lateral acceleration Gy of the vehicle and the vehicle speed 
V changes in the vicinity of the second reference value Th2. 
As a result, it is possible to improve the stability of the 
vehicle when turning while braking even more than with the 
foregoing exemplary embodiment. In these modified 
embodiments, the second reference value Th2 can also be set 
to the same value as the first reference value Thl. 

[0093] Also, according to the illustrated exemplary 
embodiment, the brake pressure of each wheel is controlled 
to an individual target brake pressure in step S120 by 
controlling the control valve 22F and the electromagnetic 
switching valves which serve as increase pressure valves or 
the electromagnetic switching valves which serve as 
decrease pressure valves. However, according to another 
exemplary embodiment, the pressure of the wheel cylinders 
22FL through 26RR of the wheels can also be detected and 
the brake pressure of each wheel can be feedback-controlled. 

[0094] According to the illustrated exemplary embodi- 
ment, the target brake pressure Pti of each wheel is calcu- 
lated either based on the braking amount by the vehicle 
operator, or to reduce brake slip of the wheels for the 
purpose of anti-skid control. However, according to another 
exemplary embodiment, the target brake pressure Pti can 
also be calculated for the purpose of any vehicle control well 
known in the technical field such as vehicle behavior control 
by braking force control, and traction control and the like. 

[0095] Also, according to the illustrated exemplary 
embodiment, the valves are set to the control position even 
when the vehicle operator is not braking. However, accord- 
ing to another exemplary embodiment, the valves can be set 
to the non-control position shown in FIG. 1A when there is 
no need to control the brake pressure of the wheels. 

[0096] In the illustrated embodiment, the electronic con- 
trol unit 90, or controller, is implemented as a programmed 
general purpose electronic control unit. It will be appreciated 
by those skilled in the art that the controller can be imple- 
mented using a single special purpose integrated circuit 
(e.g., ASIC) having a main or central processor section for 
overall, system-level control, and separate sections dedi- 
cated to performing various different specific computations, 
functions and other processes under control of the central 
processor section. The controller can be a plurality of 
separate dedicated or programmable integrated or other 
electronic circuits or devices (e.g., hardwired electronic or 
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logic circuits such as discrete element circuits, or program- 
mable logic devices such as PLDs, PLAs, PALs or the like). 
The controller can be implemented using a suitably pro- 
grammed general purpose computer, e.g., a microprocessor, 
microcontroller or other processor device (CPU or MPU), 
either alone or in conjunction with one or more peripheral 
(e.g., integrated circuit) data and signal processing devices. 
In general, any device or assembly of devices on which a 
finite state machine capable of implementing the procedures 
described herein can be used as the controller. A distributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 



What is claimed is: 

1. A brake control system for a vehicle, comprising: 

a first detector that detects a lateral acceleration of the 
vehicle; 

a second detector that detects a speed of the vehicle; and 

a controller that controls a braking force applied to each 
of front wheels and rear wheels, wherein the controller 
increases the braking force applied to at least the front 
wheels so that the ratio of the braking force applied to 
the front wheels versus the braking force applied to the 
rear wheels increases as a product of the detected 
lateral acceleration and the detected speed of the 
vehicle increases. 

2. A brake control system according to claim 1, wherein 
the controller corrects an amount of increase in the braking 
force applied to the front wheels on the basis of the absolute 
value of a product of the detected lateral acceleration and the 
detected speed of the vehicle so as to prevent the braking 
force applied to the front wheels from exceeding a prede- 
termined range when a braking amount applied to the 
vehicle by an operator becomes large. 

3. A brake control system according to claim 1, wherein 
the controller: 

determines whether the vehicle is turning while braking; 
and 

controls the braking force applied to at least one of the 
front wheels and rear wheels on the basis of the 
absolute value of a product of the detected lateral 
acceleration and the detected speed of the vehicle when 
the controller determines that the vehicle is turning 
while braking. 

4. A brake control system according to claim 3, wherein 
the controller: 

determines whether a road on which the vehicle is trav- 
elling has an uneven friction coefficient that is different 
in a right area and a left area of the road which 
correspond to the right and left wheels respectively, and 

inhibits controlling of the braking force applied to the at 
least one of the front wheels and the rear wheels on the 
basis of the absolute value of the product of the 
detected lateral acceleration and the detected speed of 
the vehicle when the controller determines that the road 
has the uneven friction coefficient that is different in 
right and left areas of the road. 



5. A brake control system according to claim 1, wherein 
the controller: 

calculates a target braking force applied to each of the 
front wheels and the rear wheels on the basis of a 
braking amount applied to the vehicle by an operator; 
and 

corrects the target braking force applied to the front 
wheels so as to be increased as an absolute value of the 
product of the detected lateral acceleration and the 
delected speed of the vehicle increases. 

6. A brake control system according to claim 1, wherein 
the controller: 

increases the braking force applied to the front wheels 
when an absolute value of a product of the detected 
lateral acceleration and the delected speed of the 
vehicle is equal to or greater than a first predetermined 
value and is less than a second predetermined value; 
and 

increases the braking force applied to the front wheels and 
decreases the braking force applied to the rear wheels 
when the absolute value of the product of the detected 
lateral acceleration and the detected speed of the 
vehicle is equal to or greater than the second predeter- 
mined value. 

7. A brake control system according to claim 6, wherein 
the controller corrects an amount of increase in the braking 
force applied to the front wheels on the basis of the absolute 
value of the product of the detected lateral acceleration and 
the detected speed of the vehicle so as to prevent the braking 
force applied to the front wheels from exceeding a prede- 
termined range when a braking amount applied to the 
vehicle by an operator becomes large. 

8. A brake control system according to claim 6, wherein 
a rate of increase in the braking force applied to the front 
wheels when the absolute value of the product of the 
detected lateral acceleration and the detected speed of the 
vehicle is equal to or greater than the second predetermined 
value is smaller than the amount of increase in the braking 
force applied to the front wheels when the absolute value of 
the product of the detected lateral acceleration and the 
detected speed of the vehicle is equal to or greater than the 
first predetermined value and less than the second predeter- 
mined value. 

9. A brake control system according to claim 6, wherein 
when the absolute value of the product of the detected lateral 
acceleration and the detected speed of the vehicle is equal to 
or greater than the second predetermined value, the control- 
ler sets the braking force applied to one of the rear wheels 
on an inside of a turning of the vehicle to 0. 

10. A brake control system according to claim 6, wherein 
when the absolute value of the product of the detected lateral 
acceleration and the detected speed of the vehicle is equal to 
or greater than the second predetermined value, the control- 
ler reduces the braking force applied to one of the rear 
wheels on an inside of a turning of the vehicle as the absolute 
value of the product increases. 

11. A brake control system according to claim 6, wherein 
when the absolute value of the product of the detected lateral 
acceleration and the detected speed of the vehicle is equal to 
or greater than the second predetermined value, the control- 
ler reduces the braking force applied to one of the rear 
wheels on an inside of a turning of the vehicle as the absolute 
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value of the product becomes larger, and increases the 
braking force applied to the other of the rear wheels on an 
outside of a turning of the vehicle as the absolute value of 
the product becomes smaller. 

12. A method of controlling a brake control system in a 
vehicle, comprising: 

detecting a lateral acceleration of the vehicle; 

detecting a speed of the vehicle; 

controlling a braking force applied to at least one of a 
front wheel and a rear wheel; and 

increasing the braking force applied to at least the front 
wheels so that the ratio of the braking force applied to 
the front wheels versus the braking force applied to the 
rear wheels increases as a product of the detected 
lateral acceleration and the detected speed of the 
vehicle increases. 

13. A method of controlling a brake control system 
according to claim 12, further comprising: 

correcting an amount of increase in the braking force 
applied to the front wheels on the basis of the absolute 
value of a product of the detected lateral acceleration 
and the detected speed of the vehicle; and 

preventing the braking force applied to the front wheels 
from exceeding a predetermined range when a braking 
amount applied to the vehicle by an operator becomes 
large. 

14. A method of controlling a brake control system 
according to claim 12, further comprising: 

determining whether the vehicle is turning while braking; 
and 



controlling the braking force applied to at least one of the 
front wheels and rear wheels on the basis of the 
absolute value of a product of the detected lateral 
acceleration and the delected speed of the vehicle when 
the vehicle is determined to be turning while braking. 

15. A method of controlling a brake control system 
according to claim 12, further comprising: 

calculating a target braking force applied to each of the 
front wheels and the rear wheels on the basis of a 
braking amount applied to the vehicle by an operator; 
and 

correcting, by increasing the target braking force applied 
to the front wheels when an absolute value of the 
product of the detected lateral acceleration and the 
detected speed of the vehicle increases. 

16. A method of controlling a brake control system 
according to claim 12, further comprising: 

increasing the braking force applied to the front wheels 
when an absolute value of a product of the detected 
lateral acceleration and the detected speed of the 
vehicle is equal to or greater than a first predetermined 
value and is less than a second predetermined value; 
and 

increasing the braking force applied to the front wheels 
and decreases the braking force applied to the rear 
wheels when the absolute value of the product of the 
detected lateral acceleration and the detected speed of 
the vehicle is equal to or greater than the second 
predetermined value. 

* * * * * 
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XV. APPENDIX E - RELATED CASES APPENDIX 

NONE 
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